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ABSTRACT 
Many investigators have reported that in guinea pigs the development of delayed 
hypersensitivity to a simple chemical allergen requires at least 5 days between initial 
exposure (sensitization) and the acquisition of a specific altered skin reactivity to the 
chemical; serum antibody to allergen is found some days later. We have studied the 
appearance in serum of antibody induced by allergen in guinea pigs sensitized to a 
simple chemical viz., 3-iodo-4-hydroxy-5-nitrophenylacetic acid (NIP). \iVith Freund's 
complete adjuvant, plus NIP chloride or NIP conjugate, delayed hypersensitivity is 
readily induced in guinea pigs. Anti-NIP antibody was assayed by the exceedingly 
sensitive technique of bacteriophage neutralization, using NIP coupled to the E. coli 
phage ¢X174 (this assay is several orders of magnitude more sensitive than, e.g., 
passive hemagglutination or passive cutaneous anaphylaxis). Anti-NIP antibody can be 
detected at 5 days or earlier. This suggests that, at least with the sensitizer NIP in the 
guinea pig, delayed hypersensitivity is not a preliminary step to antibody formation. 
Guinea pigs undergoing delayed type sen-
sitization to a chemically defined haptene, 
such as picryl chloride (PCl) or dinitrochloro-
benzene (DNCB), characteristically manifest 
cell-mediated reactions by day 6, followed by 
a detectable immunoglobulin response on day 8 
or later (1). Although the two types of re-
sponses (cell mediated hypersensitivity and 
antibody synthesis) conceivably might be 
controlled by the same mechanism, the common 
assumption is that they arise independently; 
it is usually suggested that the antibody re-
sponse to haptene starts later (2). The time at 
which the immunoglobulin response is detect-
able depends on the relative concentration 
of antibody in serum and the sensitivity of the 
methods for its detection. 
In our laboratory we have studied the syn-
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thesis of antibody directed against haptene, 
using a highly sensitive serological method 
in which haptene coupled virus particles are 
neutralized by antihaptene antibody. The 
haptene, 3-iodo-4-hydro:hry-5-nitro phenyl ace-
tic acid (NIP) was conjugated to the bac-
terial virus ¢X17 4 by reacting the bacterio-
phage with the acid chloride derivative of 
NIP. In addition, NIP was coupled to several 
different protein carriers by similar means. In 
animals sensitized to NIP, serum antibody 
directed against the NIP grouping was de-
tected with the virus neutralization technique 
at least as early as were delayed reactions. 
METHODS AND MATERIALS 
Preparation of haptene. The paper of Brown-
stone et al. (3) contains the details for the or-
ganic synthesis of the following compounds: NIP, 
NIP-epsilon amino caproic acid (NIP-aminocap), 
and 4-hydroxy-5-nitro phenyl acetic amino caproic 
acid (NP aminocap). 
To synthesize NIP acid chloride (NIP-Cl), the 
reactive reagent used to couple NIP to virus and 
to proteins. the technique for synthesis of NP-
acid chloride (2) was followed with modifications. 
It was essential to employ a closed system utilizing 
small reagent flasks. Glassware was predried to 
exclude all t races of water and stoppered at open-
ings with CaSO, tubes. One gram of NIP, previ-
ously dried overnight over P205 under reduced 
pressure, was refluxed in an oil bath with 10 ml 
thionyl chloride (Eastman Chemical Co., Roches-
ter, N. Y.). Thionyl chloride from one other 
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manufacturer was undesirable and led to side re-
actions. The NIP went into solution in 20 to 45 
minutes; r fluxing was continued for a total 90 
minut s. The thionyl chloride was removed in a 
water-free closed glass apparatus employing the 
negative pressure produced by a water tap. (Thi-
onyl chloride is a strong and volatile primary 
irritant; this method proved to be a safe and 
convenient way of disposing of it.) Five ml of 
freshly distilled water-free benzene then was 
added to dis olve the oily residue and the benzene 
was removed under reduced pressure as before. 
This was repeated twice, during which time crys-
tallization occurred. Benzene was again added and 
the NIP-Cl crystallized by the addition of a small 
-quantity of purified hexane (spectra-quality). The 
NIP-Cl was collected by filtration using a Milli-
pore® paper resistant to organic solvents, washed 
with additional hexane and dried over P205 
und r r duced pressure. The melting point of our 
c t pr •parations of NIP-Cl is 64 o C. Chemical 
an ly e of three different samples of NIP-Cl each 
show d one mole of chloride for each mole of NIP. 
onjugation of viruses. The virus was conju-
gat d with haptene following, with modifications, 
the m ihod described by Makela for conjugation 
of T -bacteriophages ( 4). The bacteriophage, 
¢X-174, which is specific for Escherichia coli, 
train C, was grown on LB broth by the method 
of 'roman and was not purified furth er (5) . The 
viru wa adjusted to 2.5 X 1010/ ml plaque forming 
units (PFU) in 10 ml borate-NaOH buffer, 0.025 
M , pH 11.0. and coupled by adding the suspension 
of viru to water-fr e (crystalline) NIP-Cl, (15 
mg); the mixture was stirred slowly at 4° C for 16 
hours. Th conjugated virus was dialyzed at 4o C 
for 5 days against saturat d borate with frequent 
hange and tared in the latter. Little or no in-
activation of virus took place during coupling, 
dialy is, or storage with most preparations. How-
v r, in orne, there was moderate inactivation; 
th addiLion of 0.3 M glycine tended to stabilize 
th conjugated virus durino- storage. Some NIP-
Cl preparntions were mar effective in the conju-
gation of NIP to virus than others. 
Conjugation of NIP to chicken ovalbumin. 
Tw nty-fivc mgm of chicken ovalbumin (COA) 
wa dis oh· d in 9 ml of 0.3 M, Na2COs-NaHCOa 
buff r. pH 9.5. Fifteen mg NIP-Cl was dissolved 
in 1 ml 1, 4 dioxane, then added to the 9 ml of 
olution containing COA, and the preparations 
gently stirred overnight (16 hrs) at 4° C. The re-
ul tant conjugated protein was dialyzed against 
0.15 M aCl for 48 hours at 4° C, with frequent 
chang s of dialysate. The coupling ratio was 
NIPu-C A· protein was determined by the 
m thad of Lowry et al. ( 6) and NIP was meas-
ur d at 430 m~-t (3) . 
Neutralization of NIP-rpX174. Neutralization 
was carri d out employing the methods outlined 
in dams (7) using base plates to which were 
added the pro p ctively n utralized mixture. Phage 
was neutralized b adding anti-NIP serum (0.1 ml 
or 0.2 ml) to 100 plaque-forming units (P.F.U.) 
or IP-cpX174 (0.2 ml) for 3 hours. In preliminary 
experiments it was determined that a 3 hour in-
cubation period was superior to one of 1 hour. As 
in the experiments of Makela with NIP coupled 
to T -2 phage, unrelated antibody, such as anti-
body directed against chicken ovalbumin, did not 
neutralize the NIP-virus conjugate ( 4). 
Sensitization to NIP-Cl. Antigen (or allergen) 
was either emulsified in Freund's complete ad-
juvant (Difco) or injected into adjuvant-pre-
pared skin sites (split adjuvant technique) (8). 
Guinea pig red cell stromata were prepared ac-
cording to the method described by Landsteiner 
and Chase (9) and then conjugated with NIP-Cl; 
1.5 rnl packed stromata + 9 ml bicarbonate buffer 
pH 11.0 + 1 ml 1 , 4 dioxane containing 15 mgm 
NIP-Cl were reacted at 4° C overnight with gentle 
stirring. The preparation of NIP1.<t-COA is de-
scribed above. Animals were bled serially by car-
diac puncture (10). 
Challenge. In testing for delayed reactivity, a 
olution of 5 mg NIP-Cl dissolved in 0.5 ml 1,4 
dioxane was added to 4.5 ml pyrogen-free saline 
and tests immediately made with 0.1 ml of this 
material. This testing procedure gives negligible 
primary irritant reactions. Sites were read and 
graded at 24 and 48 hours for delayed reactivity. 
COA (10 ~-tg/0.1 ml) and NIP-COA (10 ~-tg/0.1 ml) 
were used in some experiments. 
RESULTS 
Sensitization to N IP-Cl 
NIP proved to be an efficient sensitizer in 
the guinea pig. Several different techniques 
using Freund's complete adjuvant were suc-
cessful. Thus, in different experiments guinea 
pigs were sensitized by means of NIP-Cl 
emulsified in adjuvant, NIP-Cl and adjuvant 
injected separately into the same skin sites 
(split adjuvant technique), NIP coupled to 
chicken ovalbumin (NIP1.rCOA) emulsified 
in adjuvant, and NIP coupled to guinea pig 
RBC stromata emulsified in adjuvant. Sensi-
tizer was introduced by the intradermal in-
jection on the flank or superficial injection in 
the rear footpads. Hypersensitivity was usually 
demonstrated by intradermal challenge with 
0.1 ml of a 0.1 o/o solution of NIP-Cl (see 
methods) .t Positive contact tests could be 
produced with a 10% solution of NIP-Cl in 
benzene or dioxane; however, in practice, epi-
cutaneous testing proved to be less sensitive 
and more costly of NIP-Cl. 
In a typical experiment, NIP-stromata (ap-
prox. 20 mgm/ ml) were emulsified with an 
equal volume of Freund's complete adjuvant 
t Guinea pigs sensitized with NIP7.4-COA in 
adj uvant were challenged with NIP1.,-COA after 
desensitization with COA. 
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TABLE I 
Guinea pigs were sensitized with NIP guinea 
pig erythrocyte stromata emulsified in Freund's 
romplete adjuvant. The results of intradermal 
testing with 0.1% NIP-Cl in a solvent containing 
ne part dioxane plus nine parts normal saline 
und with solvent alone are shown. The numbers 
represent the cross-sectional diameters of the 
erythema of the reactions read at 24 and 4 hours . 
All of the positive reactions were distinc tly 
t hickened. 
24 hours 48 hours 
NIP-Cl in Dioxane- IP-Cl in dioxane- dioxane- Dioxane-saline 
saline saline saline 
--
333 16 X 14 trace 12 X 14 very faint 
trace 
334 15 X 12 trace 7 X 8 0 
335 9 X 8 trace 5 X 4 0 
~36 8 X 10 trace 2 X 2 fain t t race 
c1 trace trace 0 0 
c2 trace trace 0 very faint 
trace 
(Difco). Then, 0.1 ml of the emulsion was in-
jected superficially into each rear foot pad 
(total 0.2 ml). Challenge reactions to intra-
dermal testing are recorded in Table I. The 
sensitized animals developed inflammatory 
reactions that were maximum at one day 
whereas two control guinea pigs showed very 
slight irritant reactions to the NIP-Cl tests. 
Interestingly, when these same control ani-
mals were retested 12 days later, they showed 
small but definite delayed inflammatory reac-
tions to NIP-Cl. Such sensitization by chal-
lenge testing has frequently been observed with 
strong and with moderately strong allergens 
in both the guinea pig and man. In certain ex-
periments, in which sensitized guinea pigs were 
retested NIP-Cl, the later test sites developed 
a heightened response. This was seen most 
clearly in those animals initially sensitized with 
NIP-coupled stromata in adjuvant. A step-up 
in hypersensitivity resulting from skin testing 
has been recorded with picryl chloride as well 
as with certain other sensitizers (8, 11). 
Detection of Antibody 
Antibody formation to NIP was monitored 
in guinea pigs bled before and after sensitiza-
tion with NIP-COA; that is, on days 0, 1, 3, 5, 
8 or 9, and 16. The serum was a sayed by virus 
neutralization employing NIP-¢X174. Using 
100 PFU of virus, antisera were added for 
3 hr , and the end point expre sed as 90% neu-
tralization. Table II indicates representative 
data; a large number of guinea pigs have 
been tested with similar results. In the table, 
all 5 guinea pigs are shown to have synthe-
sized considerable antibody by day 5. Guinea 
pig 54 also had formed antibody by day 3; 
we have sometimes seen this in other animals. 
It is of interest that only 44 plaques were 
found in the serum of guinea pig 1i54 on day 0. 
This suggested that some antibody to the virus 
was present naturally. Such baseline neutraliza-
tion activity has been observed in many 
guinea pigs and is probably due to antibody 
to the protein coat of the virus. This neu-
tralizing activity is equally directed against 
native and NIP coupled phage. NIP conjugates 
did not absorb out this "natural" antibody. 
To prove specificity of the immunoglobulin 
response, inhibition reactions were performed 
employing NIP-aminocap and NP-aminocap, 
as described in the Methods section. Both NIP-
aminocap and NP aminocap have previously 
been determined to exhibit high binding affini-
ties for low titered sera. Results in Table II 
indicate that when NIP-aminocap (lo-aM) was 
added to day 5 antisera of guinea pigs 445 and 
453, neutralization was considerably inhibited. 
This was not the case with NP-aminocap 
TABLE II 
X eutrahzing an tibodu (PIa que count) 
Guinea pig Day 0 Day 1 Day 3 Day 5 Day 8 I Day 9 fli 
54 44 27 8 8 - 1 
55 75 72 61 9 - 2 
432 103 109 95 13 - -
N eutralizalion inh1.bition wi th haptene 
445 
NIP-Ac 67 76 1 52 2 -
NP-Ac 46 5 50 3 0 -
PBS 45 52 47 3 2 -
453 
NIP -Ac 43 41 54 36 1 -
NP-Ac 33 46 32 10 0 -
PB 34 39 30 6 0 -
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(10.8 M). Neutralization was not inhibited by 
NIP-aminocap on day 8 (or day 16, not 
shown); this was probably because the con-
centration of antibody was too high for ef-
fective reversal. This was affirmed since the 
less sensitive hemagglutination reaction em-
ploying NIP-conjugated guinea pig erythro-
cytes showed titers employing antisera drawn on 
these days. 
DISCUSSION 
As with other simple allergens, sensitivity 
to NIP-Cl can be readily induced in the guinea 
pig by the injection of NIP-Cl in Freund's 
complete adjuvant. Presumably, the free hap-
tene couples in vivo with one or more skin pro-
teins to form a complete antigen ( 12, 13) . The 
relatively unreactive parent compound (NIP) 
does not sensitize under comparable condi-
tions. Whether the induction of sensitivity to 
IP- l involves processing of antigen at the 
injection site (as seems likely with PCl and 
DNCB in the guinea pig) or in the regional 
lymph nodes, we have no certain evidence (14). 
Antibody assay by phage neutralization is 
several orders of magnitude more sensitive 
than the techniques of passive cutaneous 
anaphylaxis or passive hemagglutination (3). 
With guinea pigs sensitized with NIPu-chicken 
ovalbumin in adjuvant, Day 5 sera were posi-
tive for antibody by NIP-cpX174 neutraliza-
tion, whereas assay of Day 5 sera by passive 
hemagglutination (using guinea pig erythro-
cyte coupled with NIP-Cl) was consistently 
n gative and only began to show positive 
reactions with sera drawn on Day 8 or later. In 
other studies, the NIP phage neutralization 
t t ba provided a sensitive assay for the study 
of antibody production in vitro (15). 
An advantage of cpX174 is its relative sta-
bility under the conditions of coupling with 
NIP. Thus MakeUi reports for the somewhat 
larger T -2 coliphage that the process of con-
jugation with NIP-Cl results in a 90% or 
greater killing of the T -2 phage and a lability 
in storage of the remainder (3). Conjugated 
dead phage particles behave like other NIP 
conjuo-ates (e.g. NIP aminocap) in that they 
absorb antibody and inhibit antibody-induced 
pha e neutralization. Thus, there is a loss of 
sensitivity. This is much less of a problem 
with the better cpX174 preparations. Unfor-
tunately, guinea pigs appear to have natural 
antibodies to cpX174. We have consistently 
found neutralizing capacity in the serum of 
untreated guinea pigs. This bas been true of 
several lots of commercial animals from dif-
ferent suppliers as well as inbred Hartley 
guinea pigs of our own colony. As expected, the 
serum neutralizing factor is precipitated from 
serum by a half saturated solution of am-
monium sulfate. While the titers of natural 
antibody are not high, they do make the NIP 
assay more tedious. Our attempts, to date, to 
preliminarily absorb out the natural antibody 
directed against cpX17 4 have not been success-
ful. For demonstrating NIP specificity, we 
utilize absorption with the inhibitor NIP 
aminocap. NP-aminocap, which has only a 
slight affinity for antibody raised against NIP, 
serves as a dummy inhibitor. 
Our data indicate that antibody directed 
against haptene (NIP) can be found as early 
or earlier than detectable delayed hypersensi-
tivity. With highly sensitive assay methods 
antibody formation to complete antigens has 
been found as early as ten hours after im-
munization (16). It seems likely that synthe-
sis of immunoglobulin directed against NIP 
may occur sometimes earlier than Day 3. 
Doubtless, the antigen depot absorbs some 
antibody. Current efforts in our laboratory 
are underway to overcome this problem and 
to improve the sensitivity of the assay of NIP 
in guinea pig sera. 
It bas been suggested that delayed hyper-
sensitivity is a preliminary step to antibody 
synthesis (17). At least with the NIP system 
in the guinea pig this would seem to be un-
likely since antibody to haptene can be de-
tected prior to demonstrable hypersensitivity. 
It is probable that antibody to other allergens, 
such as DNCB and PCl, and to complete anti-
gens such as ovalbumin and diphtheria toxoid 
will be detected at and prior to the demon-
stration of hypersensitivity in the guinea pig 
when suitably sensitive methods are used. 
Coupling of purified proteins to phages for 
antibody assay has recently been reported 
(18). 
REFERENCES 
1. Chase, Merril W.: Hypersensitivity to simple 
chemicals. The Harvey Lectures Series, 61: 
169, 1967. 
ANTIBODY TO THE HAPTENE NIP 107 
2. Benacceraf, B. and Green , I.: Cellular hyper-
sensitivity. Ann. Rev. Med., 20 : 141, 1969. 
3 Brownstone, A., Mitchison, N. A. and Pitt-
. Rivers, R.: Chemical and serological studies 
with an iodine-containing synthetic immu-
nological determinant 4-hydroxy-3-iodo-5-ni-
trophenylacetic acid (NIP) and related com-
pounds. Immunology, 10: .465, 1966. . 
4. Makela, 0.: Assay of anti-haptene antibody 
with the aid of haptene-coupled bacterio-
phage. Immunology, 10: 81 , 1966. 
5. Groman, N. B.: A simple method .for concen-
trating bacteriophage q>X174. VIrology, 30: 
577, 1966. 
6. Lowry, 0. H., Rosebrough, N : J., F arr, A. L. 
and Randall, R . J.: Protem measurement. 
with fohn reagent. J. Bioi. Chern., 193: 265, 
1951. 
7. Adams, M. W.: Bacteriophages. Interscience, 
New York, 1959. 
8. Maguire, H . C. and Chase, M. W.: Exagger-
ated delayed-type hypersensitivity to simple 
chemical allergens in the guinea pig. J. 
Invest. Derm., 49: 460, 1967. . 
'9. Landsteiner, K. and Chase, M. W.: .Studi_es on 
the sensitization of animals with s1mple 
chemical compounds. IX. Skin sensitization 
by inj ection of conjugates. J. Exp. Med., 
73 : 431, 1941. 
10. Williams, C. A. and Chase, M. W.: p. 281, 
Methods in Immunology and Immunochem-
istry. Academic Press, New Y or~, _196?. . 
11. Chase, M . W.: Experimental sens1tlzat10n With 
particular reference to pier 1 chloride. Int. 
Arch. Allerg . Appl. Immunol., 5: 163, 1954. 
12. Landsteiner, K. and J acob , J. L.: Studies on 
the sensitization of animals with simple chem-
ical compounds. II. J . Exp. Med., 64: 625, 
1936. 
13. Eisen, H. N ., Orri , L. and Belman, S.: Elici-
tation of delayed allergic skin reactions with 
haptenes : the dependence of elicitation on 
haptene combination with protein. J. Exp. 
Med., 95: 473 , 1952. 
14. Macher, E. and Chase, M. W.: Studies on the 
sensitization of animals with simple hemical 
compounds. XI. The fate of labeled picryl 
chloride and dinitrochlorobenzene after sen-
sitizing inj ections. J. Exp. Med., 129 : 81, 
1969. 
15. Wolf, B . and Izenberg, H.: Induction and 
maintenance of the secondary response in 
vitro to a haptene. Fed. Proc., 27: 317, 1968. 
16. Baker, P. J. and Landy, M.: Br vity of the in-
ductive phase in the immune response of 
mice t o capsular polysaccharide antigens. J. 
Immunol., 99: 687, 1967. 
17. Salvin, S. B. and Smith, R. F.: The specificity 
of allergic reactions. I. Delayed versus arthus 
hypersensitivi ty. J. Exp. M d., 111: 465, 
1961 . 
18. H aimovich, J. and Sela, M .: Protein-bacterio-
pharre conjugates: Application in detection 
of antibodies and antigens. Science, 164: 1279. 
1969. 
